To investigate the relation between psychological functioning of subjects with Down syndrome, and their levels of urine peptide and serum antibodies to food proteins. Methods: 55 children with Down syndrome in a cross-sectional study. Psychological functioning was measured by the Stanford-Binet Intelligence Scale: Fourth Edition, McCarthy Scales of Children's Abilities and Fagan's computer based test of novelty preference. Results: The participants, and their siblings, were found to have signifi cantly increased total urine peptide levels. There were no signifi cant correlations between peptide levels and psychological functioning. Signifi cantly increased levels of IgG activity to gliadin and gluten, and IgA activity to gliadin, gluten and casein were found. There were signifi cant negative correlations (Spearman r=-0.13 to -0.51) between psychological functioning, and IgG and IgA activity to gliadin and gluten. Conclusions: A signifi cant relation between antibodies to gluten and psychological functioning was documented. The mechanism and potential causal link are still unknown.
Introduction
Increased serum levels of antibodies to food proteins in people with Down syndrome (Kanavin et al., 1988; Reichelt KL et al., 1994; Bonamico et al., 1996; Failla et al., 1996; George et al., 1996; Gale et al., 1997; Carlsson et al., 1998) , point to an increased transmucosal uptake of proteins from the gut (Scott et al., 1984) . Increased uptake of proteins combined with peptidase defi ciencies would result in hyperpeptidaemia and usually hyperpeptiduria. The increased transmucosal uptake may also result in an increased uptake of peptides directly from the gut (Gardner, 1994) . Gluten, gliadin and casein contain several exorphin sequences (Fukudome & Yoshikawa, 1992; Nyberg & Brantl, 1989) , some of which, due to their pleated sheet structure, are very immunogenic and resistant to break down (Reichelt et al., 1994) . This means that even a low concentration of these food proteins could cause a massive peptide release. Hyperpeptiduria in people with Down syndrome has been found in an earlier study (Shattock et al., 1990) , supporting the hypothesis of increased peptide levels in the blood.
Some opioide peptides can be derived from gluten (Fukudome & Yoshikawa, 1992; Ziodrou et al., 1979) , and peptides derived from gluten have been shown to cross the blood-brain barrier (Lorenz, 1990) . Some opioids interfere with the pruning process of synapses (Feinberg, 1982/83) and are involved in regulating cell proliferation in the proliferative phase of the developing brain (Zagon & McLaughlin, 1987) . Thus, increased levels of some specifi c peptides may affect the development of the CNS. The many CNS effects related to celiac disease also suggest that the CNS can be negatively affected when food proteins are not suffi ciently broken down (Gobbi et al., 1992; Kinney et al., 1982; Cooke & Smith, 1966; Hadjiwassiliou et al., 1996; Bhatia et al., 1995) .
In this study we examine the relation between the psychological functioning of children with Down syndrome, and their urine peptide levels and levels of serum antibodies to certain food proteins.
Method Participants
Invitations were sent to all parents of children with Down syndrome at ages between 4 and 11 in fi ve counties in Norway. Of the approximately 110 families invited to participate in the study, 55 consented.
The mean age was 86.1 months (SD = 23.4 months). Sex ratio (26 girls, 29 boys) was as expected (Steele, 1996) . In contrast to an expected 20% (Statistisk Sentralbyrå, 1996) , 70.4% of the parents had university level education. A total of 25 children had medical complications which could have infl uenced their cognitive/motor functioning. These included cardiac illnesses (9 children), respiratory illnesses (5), history of serious infections (2), celiac disease (2), substantial hearing impairment (2), hypothyroidism (2), cataract, absent colon and allergies. Six of the children were on a diet which could have infl uenced their levels of antibodies to food proteins (3 were on a gluten free diet).
Procedure
The Stanford-Binet Intelligence Scale: Fourth Edition (Thorndike, et al. 1986 ) was administered. Recommended subtest battery consisting of the following eight subtests was used (Sattler, 1992) : Vocabulary, Comprehension, Absurdities, Pattern Analysis, Copying, Quantitative, Bead Memory and Memory For Sentences. To preserve the high variability from the test results, raw scores of zero were included instead of being excluded. (McCarthy, 1972) were administered. These were: Leg Co-ordination, Arm Coordination, Imitative Action, Draw-A-Design and Draw-AChild.
All of the subtests included in the Motor Scale of the McCarthy Scales of Children's Abilities
The computer based Fagan test of novelty preference for children above 2 years of age (Fagan & Vasen, 1997) was administered. This test is thought to measure capacity to process information, and has been found to be predictive of later intellectual achievement (Fagan & Vasen, 1997) . A total of 20 "novelty problems" were presented. The problems compared the time that the child spent looking at a novel face to the time spent looking at a familiarised face. The novel and the familiarised faces were digitised and appeared beside each other on a computer screen. Each of the 10 fi rst problems consisted of a 5 second familiarisation period and two 2 second matching periods with left-right position reversed between each period (immediate recognition memory). In the next 10 problems a novel face was presented for two 2 second periods together with a face that had been shown in the earlier problems (delayed recognition memory). The average interobserver reliability in the measurement of differential fi xation is 0.94 (Fagan & Detterman, 1992 ).
Testing of psychological functioning was performed blind to the results of the urine and serum analyses, and viceversa.
Urine samples (94% morning-urine) were collected and frozen for later analysis according to the method described by Reichelt WH et al. (1997) based on reversed phase high pressure liquid chromatography (HPLC).
As a control group, urine samples from 44 siblings (31 boys and 13 girls) (mean age=92.7 months and SD=35.3 months) were analysed in the same way.
Blood-samples were taken by different laboratories and sent to Nycomed, Oslo, where IgG and IgA antibodies to food proteins were measured as described by Scott et al. (1985a) using an enzyme-linked immunosorbent assay (ELISA). The following antibodies were tested: IgG to gliadin and gluten, IgA to gliadin, gluten, a-lactalbumin, b-lactoglobulin, casein and ovalbumin. In participants whose antibody levels to food proteins indicated possible celiac disease, serum antibodies against endomysium were tested ( Bonamico et al., 1996; Scott et al., 1985a; Cataldo et al., 1995) , and an intestinal biopsy was performed to confi rm diagnosis of celiac disease.
Statistical Procedures
The Stanford-Binet Intelligence Scale: Fourth Edition (SB:FE) and McCarthy raw scores were transformed into z-scores and averaged to compute a general cognitive functioning score (G-score) based on SB:FE and a motor functioning score (M-score) based on McCarthy.
Partial correlation, controlled for sex and age based on ranked results, was used (approximate to Spearman correlation). One subject scored very low on all measurements of psychological functioning, which greatly infl uenced all results. Therefore, all discussions are based on results without extreme values (SD>3). Results with and without extreme scores are shown.
SPSS for MS WINDOWS Release 6.1 was used for all statistics.
Results
IQs (SB:FE) ranged from 36 to 72, with a mean of 51.9 (SD=10.1). These scores were signifi cantly higher (t-value=2.6 p<0.02) than earlier fi ndings reported by Bower and Hayes (1995) who reported a mean of 45.9 (SD=8.9). This difference is probably due to a higher mean age in their study (mean=132.4 months SD=43.6). The present study found the same profi le in Area Standard Age Scores as reported by Bower and Hayes (1995) .
There was a signifi cant negative correlation between age and the SB:FE Composite Score (Pearson r=-0.54 p<0.001).
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Oneway ANOVA by quartile age groups gave the same results (F=10.6 df=54 p<0.0001). A decline in IQ-scores with increasing age is common among children with Down syndrome (Rogers & Coleman, 1992) . Motor functioning score expressed as a percentage of chronological age based on McCarthy Motor Scale gave similar correlation with age (r=-0.55 and p<0.001). By correcting raw scores for age based on normative data, we would introduce an over-correction of age and an unnecessary error. We chose therefore to base our analysis on the raw scores, transformed into z-scores and averaged to compute a G-score based on SB:FE and a M-score based on McCarthy. The G-score had a reliability alpha = 0.94, and the M-score had an alpha = 0.87.
Socio-economic status measured by education (Statistisk Sentralbyrå, 1989) and profession (Statistisk Sentralbyrå, 1984) , did not correlate signifi cantly with either cognitive/ motor functioning or any other measure. There were significant sex differences for IgG activity to gliadin (t-value=3.49 p=0.001) and gluten (t-value=3.61 p=0.001). Neither having medical complications nor being on a diet made any signifi cant difference for peptide levels, antibodies to food proteins or psychological functioning (Mann-Whitney U test and t-test). This could be due to the broad spectrum of medical complications and the low number of children on a diet. As expected, peptide levels in urine and all IgG and IgA levels were skewed.
Mean novelty scores on the Fagan test were 54.04% (SD=6.7) for immediate presentation and 50.8% (SD=6.4) for delayed presentation (t=2.84 p<0.01). Both values were signifi cantly lower than expected compared to children without Down syndrome (t-immediate=-2.5 p<0.02) (t-delayed=-2.2 p<0.05) (Fagan & Vasen, 1997) . These results are almost identical to a study of 41 subjects with Rett syndrome (Tetzchner et al., 1996) . Immediate recognition memory had a reliability alpha = 0.20, and the delayed recognition memory had an alpha = 0.03. Both the low average and the low internal consistency indicate that the 31 of 55 children with Down syndrome had levels of antibodies to food proteins above the upper normal limit (Scott et al., 1985b) . This was signifi cant for the following antibodies: IgG to gliadin and gluten, IgA to gliadin, gluten and casein (Table 1) . Two subjects had previously been diagnosed with celiac disease and were on a gluten free diet. Endomysium antibodies and intestinal biopsy confi rmed untreated celiac disease in two further subjects.
No signifi cant correlations between total urine peptide levels, and cognitive/motor functioning or novelty preference were found ( Table 2) . None of the known individual urinary peptides (indolylacrylylglycin, casomorphinb 1-8, casomorphinb 1-7, casomorphinb 1-5, casomorphinb 1-4 and casomorphinb 1-5 amide) correlated signifi cantly with any of the measures obtained of psychological functioning.
Signifi cant negative correlations between G-score, and IgG and IgA activity to gliadin and gluten were found. In addition, a signifi cant negative correlation between M-score, and IgA activity to gluten was found. There were also non signifi cant negative correlations between M-score, and IgG activity to gliadin and gluten and IgA activity to gliadin (Table 2 ).
There were highly signifi cant negative correlations between IgG and IgA activity to gliadin and gluten, and immediate recognition memory on the Fagan test (Table 2) .
The fact that all correlations between antibodies to gluten/ gliadin and psychological functioning were negative, the majority of them being signifi cant, makes it very unlikely that the fi ndings are by chance.
There was a non-signifi cant negative correlation between delayed recognition memory and IgA activity to lactalbumin (Table 2) . In regard to IgA activity to lactalbumin, only seven children had optical density (OD) levels above 0.01. Therefore these results are uncertain.
There were no signifi cant correlations between delayed recognition memory and any IgA or IgG activities, probably because this task was too diffi cult for many of the participants.
No signifi cant correlations were found between psychological functioning and IgA activity to lactalbumin, lactoglobulin, casein or ovalbumin.
Discussion
The present study documents hyperpeptiduria in children with Down syndrome and their siblings, indicating a probable increased uptake of proteins and peptides from the gut. Further independent studies investigating familial links are required.
Neither total urine peptide level nor specifi c peptide levels correlated signifi cantly with psychological functioning. The lack of signifi cant correlations between the specifi c casomorphins and psychological fi ndings is supported by a similar lack of signifi cant correlations between the milk based serum antibodies (lactalbumin, lactoglobulin and casein) and psychological functioning. Unfortunately it is not yet possible to analyse the gluten/gliadin based urinary peptide levels separately.
This report shows that children with Down syndrome have increased levels of antibodies to food proteins, and thus confi rms earlier fi ndings (Kanavin et al., 1988; Reichelt KL et al., 1994; Bonamico et al., 1996; Failla et al., 1996; George et al., 1996; Gale et al., 1997; Carlsson et al., 1998) . No studies have investigated whether siblings also have increased levels of serum antibodies to food proteins. Today there is no reason to expect that siblings of children with Down syndrome are negatively affected by their increased urinary peptide levels or possible raised antibodies to specifi c food proteins. We suggest that children with Down syndrome have a combination of increased levels of exogenous proteins/peptides and a vulnerability to these proteins/peptides which is different to people without Down syndrome.
The signifi cant negative correlations found between psychological functioning, and IgG and IgA activity to gliadin and gluten do not prove a causal relation. However, we suggest that these results could be explained in part by the model in Figure 1 .
The increased IgA activity to food proteins seen in children with Down syndrome suggests a transmucosal defect with increased protein uptake from the gut (Reichelt WH et al., 1997; Marsh, 1995; Roitt, 1997) . A transmucosal defect, possibly combined with a protease/peptidase defect, would result in an increased circulation of proteins and peptides in the blood (Gardner, 1994) . Increased levels of circulating foreign proteins results in increased IgG activity to gluten (Roitt, 1997) . Hyperpeptiduria found in the subjects (Table 1 ) supports the hypothesis of increased circulation of peptides in the blood. Some opioide peptides can be derived from gluten (Fukudome & Yoshikawa, 1992; Nyberg & Brantl, 1989; Ziodrou et al., 1979) , and peptides derived from gluten have been shown to cross the blood-brain barrier (Lorenz, 1990) . Very similar opioide peptides derived from casein (Nyberg & Brantl, 1989 ) also cross the blood-brain barrier (Ermisch, et al. 1983) and may be associated with postpartum psychosis (Lindström et al., 1984) . It has also been shown that opioide systems can regulate both the pruning of synapses (Feinberg, 1982/83) and the proliferation of cells (Zagon & McLaughlin, 1987) E. Nygaard et al • Psychological functioning, urine peptide levels and levels of serum antibodies to food proteins Down Syndrome Research and Practice 6 (3), [139] [140] [141] [142] [143] [144] [145] in the CNS in rats. A possible continuous exposure to neurotoxic (Paganuzzi et al., 1985) proteins and peptides (opioids) combined with a genetic vulnerability may therefore in part explain the diathesis for psychological defi cit seen in children with Down syndrome. The genetic makeup does of course also infl uence this chain through several other mechanisms. In addition everything a child experiences throughout life (environment) will greatly infl uence how he or she will actually function in daily life.
The Fagan test is thought to measure a child's basic processing ability. This capacity is not infl uenced by the child's rearing environment, but it can be infl uenced by toxic factors that directly affect the CNS (Fagan & Vasen, 1997) . We therefore regard the Fagan test as an indicator of the biological basis for psychological development. The SB:FE and McCarthy are measurements of psychological functioning which is infl uenced by the environment. Bearing this in mind, it is of interest to note that the Fagan test, supporting our hypothesis, showed the highest negative correlations (r=-0.44 to -0.51) with antibodies to gliadin/ gluten. SB:FE had a weaker relation (r=-0.27 to -0.33).
McCarthy correlated even less with antibodies to gliadin/ gluten (r=-0.15 to -0.29), which could be explained by the lower reliability of this test.
There could be cause for scepticism due to the low internal reliability of the Fagan test (Alpha=0.20 for immediate recognition) combined with high correlations with antibodies to gluten/gliadin (r= -0.44 to -0.51). It is typical for this test that its predictive validity is higher than its reliability (McCall & Carriger, 1993) . This could be explained by the fact that maximum predictive correlation may be expressed as the square root of the product of the two reliabilities. If the measurement of antibodies had a reliability of 0.95, maximum predictive validity would be 0.44. An explanation for the fi ndings of even higher correlations could be that more than one process was assessed when using the Fagan test (McCall & Carriger, 1993) . The fi ndings could also be partly coincidental.
Since IgG activity is seen as a measurement of circulation in blood, and IgA activity as a measurement of transmucosal defect (Roitt, 1997) , one would expect that IgG activity would correlate higher than IgA activity with the psychological tests. This was not the case. The correlation between IgA and IgG activity (r=0.56) was not high enough to explain this.
Even though most of the children in the present study did not have celiac disease, it is relevant to compare our results with studies of other groups of people with gluten sensitivity. As Marsh (1995, p.12) stated, "gluten sensitivity should be considered as a state of heightened immunological responsiveness (T-and B-cell-based) to ingested gluten proteins in genetically-predisposed individuals". It is also important to remember that the frequency of celiac disease in people with Down syndrome is much higher than in the general population (Failla et al., 1996; George et al., 1996; Gale et al., 1997; Morris et al., 1997; Carlsson et al., 1998) . A connection between gluten sensitivity and neurological disorders has been reported for patients with celiac disease (Gobbi et al., 1992; Kinney et al., 1982; Cooke & Smith, 1966; Bhatia et al., 1995) , as well as for patients with neurological dysfunction of unknown cause (Gobbi et al., 1992; Hadjiwassiliou et al., 1996) . It has also been shown that children with celiac disease in remission can get lasting pathological EEG changes when exposed to gluten for more than 5 months (Paul et al., 1985) .
A gluten free diet does not only help people with celiac disease to avoid their normal symptoms. An early diet can in some cases also help in avoiding epileptic seizures and neurological disorders in celiac patients (Gobbi et al., 1992) . Moreover, several longitudinal studies show that a gluten free diet may help to improve the psychological functioning of some patients with autism (Reichelt WH et al., 1997; Shattock, 1995; Whiteley et al., 1997; Lucarelli et al., 1995; Cade JR, personal communication; Howlin, 1997) , and possibly a subset of patients with schizophrenia (Gardner, 1994; Lorenz, 1990) .
Even though the current study found a signifi cant negative correlation between antibodies to gluten and psychological functioning, one must be careful to draw conclusions about a causal link. Assuming there is a causal link, we do not know all the metabolic steps, knowledge which may be essential for fi nding effective individualised interventions (either dietary or enzyme based) for the children. Due to the rapid development of the brain before birth and during the fi rst 2 years, dietary intervention may have to start at a very early age in order to have an effect. Most of the aberrant brain development in children with Down syndrome occurs after birth (Rogers & Coleman, 1992) , giving hope that early interventions could help.
Due to the complexity of Down syndrome, gluten is only one of several components which may infl uence the psychological development of children with Down syndrome. However, we hope that the fact that gluten is a commonly ingested food protein, combined with the high correlations found in this study, will motivate further interdisciplinary research and longitudinal studies in this area.
